INTRODUCTION
The Red River alluvial aquifer is a relatively undeveloped source of large amounts of fresh ground water within the Red River Valley within the area affected by the impoundment of water by Lock and Dam 2 (pool 2). The structure was completed on the Red River waterway near Ruby, La., in 1988. Untreated water from the aquifer is used for irrigation and domestic use; however, water for public-supply or industrial use requires treatment for reduction or removal of hardness and iron. Because the water has a low and relatively constant temperature (about 20 °C), it is suitable for other uses such as industrial cooling.
The Red River alluvial aquifer is an important resource in the valley, and knowledge of the effects of the construction and operation of Lock and Dam 2 on the quality of water in the aquifer is important. The U.S. Geological Survey, in cooperation with the U.S. Army Corps of Engineers, began a study in 1973 to determine and document the water quality in the aquifer. The study included the systematic collection and analysis of selected water-quality samples from the aquifer including the following sampling periods: (1) prior to completion of construction (pre-construction 1973-82) and (2) after completion of construction (post-construction 1988-93) of the lock and dam structure on the Red River waterway.
Construction of Lock and Dam 2 began in October 1982 and was completed in January 1988. Although construction was completed in 1988, no pre-pool water samples were collected during January 1988. Because Lock and Dam 2 was constructed in a terrace deposit of Pleistocene age outside the Red River Valley, the quality of water in the Red River alluvial aquifer should not have been affected during the construction period. The lock and dam gates were set in January 1988 to hold the Red River at a pool elevation of 58.6 ft (intermediate pool); in February 1989, the pool elevation was increased to 64 ft (full pool).
Purpose and Scope
This report describes the effects of construction and operation of the Red River waterway Lock and Dam 2 on the quality of water in the Red River alluvial aquifer in the pool 2 area. Water-quality changes that occurred between the pre-construction and post-construction periods are documented. Water-quality changes were evaluated using data for hardness of water as calcium carbonate and concentrations of selected dissolved constituents chloride, iron, and manganese in water from wells completed in the aquifer.
Description of Study Area
The pool 2 study area ( fig. 1 (Rogers, 1983) . The primary land use is agriculture; however, the metropolitan areas of Alexandria, Boyce, and Lecompte occupy a part of the valley.
Previous Studies
Water-quality analyses of water from wells completed in the Red River alluvial aquifer collected through 1978 were compiled in a report by Whitfield (1980) . Also in Whitfield's report are maps showing area! distribution of selected water-quality properties and constituents in water from the aquifer. Waterquality data collected from 1978 to 1985 were compiled and tabulated by Smoot and Guillot (1988) .
HYDROGEOLOGY
The Red River alluvium lies on the eroded surface sediments of Tertiary age. The alluvium grades from clay and silt at the surface to coarse sand and gravel at the base. The sand and gravel deposits of Pleistocene age in the lower part of the alluvium forms the Red River alluvial aquifer. The overlying surficial clay and silt of Holocene age comprise the confining unit. The thickness of the alluvial aquifer is variable, with an average of 50 ft within the study area and a maximum of about 110 ft (Rogers, 1983) .
Water levels in most of the wells completed in the alluvial aquifer within the study area are above the base of the confining unit, indicating that the aquifer is primarily under confined conditions (Smoot and Martin, 1991, sheet 1) . Locally, where the confining unit is thin or absent, water-table conditions may prevail during periods of low water level (Whitfield, 1980, p. 6 ). Recharge enters the aquifer by infiltration of rainfall in the valley, from lateral movement of water from adjacent sediments of Pleistocene and Tertiary age, and from upward movement of water from underlying aquifers of Tertiary age. Recharge also enters the aquifer in areas near the Red River and its major tributaries during high stream stages (Whitfield, 1980, p. 1) .
DATA COLLECTION
Within the study area 12 wells located at 11 sites were sampled periodically between 1973 and 1993 . From 1973 to 1987 , most of these wells were sampled twice per year, once in the spring (high water) and once in the fall (low water). From 1988 to 1993, these wells were sampled once in the spring. Water samples were collected in 1978-79 and in 1988-93 from six additional wells (R-l 135, R-l 141, R-l 144, R-l 146, R-1156, and R-l 163), and well R-1315 was sampled from 1988 to 1993.
All the water-quality samples were collected from U.S. Geological Survey observation wells finished with a 3-ft, 0.010-slot screen, using either a suction-type or air lift pump. The samples were collected according to standard methods established for ground-water sampling (American Public Health Association and others, 1980; Brown and others, 1970) . Sample preservation and filtration were performed in the field (dependent on the constituent) for later analysis by a U.S. Geological Survey laboratory. Temperature and pH were determined in the field using procedures described by Wood (1976) . Also field determination of alkalinity as calcium carbonate and specific conductance was performed on a few samples. The samples were analyzed according to standard methods established for determination of inorganic substances in water (Brown and others, 1970; Fishman and Friedman, 1989) . Most of the water-quality samples were analyzed for selected properties and constituents, including total hardness as calcium carbonate and concentrations of dissolved calcium, magnesium, sulfate, chloride, iron, and manganese. In addition to these constituents, the samples collected since 1988 and a few of the earlier samples were analyzed for color and dissolved sodium, potassium, fluoride, silica, and nitrogen.
QUALITY OF WATER
In Rapides Parish, 12 wells were sampled periodically for more than 17 years. The data for these samples document the quality of water in the Red River alluvial aquifer during the pre-construction and post-construction (1988-93) periods of Lock and Dam 2. Water-level and water-quality data collected between 1958 and 1993 are listed in appendix 1. Also used to establish a water-quality data base for the Red River alluvial aquifer during the pre-pool period are data for 60 wells sampled from 1972 to 1978 (Whitfield, 1980 . Variations in total hardness and concentrations of dissolved chloride, iron, and manganese in water from the aquifer as a function of time for 12 wells are shown in figures 2-13. Data are missing for some wells because the screens were encrusted. Also, concentrations of dissolved iron and manganese are not included when the sample was collected by pumping with air because aeration alters these constituents.
Water-quality changes were statistically evaluated for 10 of the 19 wells (completed in the Red River alluvial aquifer) listed in appendix 1. The other 9 wells were not evaluated because of insufficient data. Median values of total hardness and median concentrations of dissolved chloride, iron, and manganese were calculated using data for pre-construction (1973-82) and post-construction (1988-93) sampling periods. Given relatively small data sets, particularly during the post-construction sampling period, a median value gives a more representative time-averaged value than would a mean value by minimizing the effect of outlying data points. A minimum of five data points were required to justify calculation of a median value. Data sets containing less than five values for a particular constituent were insufficient for statistical analysis. The statistical procedure used to establish documentable changes between pre-construction and postconstruction sampling periods used the target 90-percent confidence level about the median value. Variation in the exact confidence level is inherent in the use of median rather than mean values. The technique used in calculating the range of values corresponding to the target confidence level is discussed in detail by Iman and Conover (1983, p. 198-202) . 
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allaa §55-9 iff-* If the calculated ranges about the median values overlap, then no documentable difference exists between pre-construction and post-construction sampling periods. If the calculated ranges around the median values of pre-construction and post-construction sampling periods do not overlap and the median value of the post-construction sampling period is greater than me median value of the pre-construction sampling period then a documentable increase has occurred between the pre-construction and post-construction sampling periods. If the calculated ranges around the median values of pre-construction and post-construction sampling periods do not overlap and the median value of the post-construction sampling period is less than the median value of the pre-construction sampling period then a documentable decrease has occurred between the pre-construction and post-construction sampling periods. In instances where a documentable change has occurred between pre-construction and post-construction sampling periods, the magnitude of the change can be approximated by subtracting the pre-construction sampling period median value from the post-construction sampling period median value.
The presence of temporal trends in the data can complicate data analysis. Such a trend in the data extending through pre-construction and post-construction periods could produce a documentable change in water-quality independent of lock and dam construction. Accordingly, documentable changes in water quality identified by statistical analysis were examined for temporal trends. If present, the effects of such trends on changes in water quality were evaluated. In addition to temporal trends, seasonal fluctuations can also adversely affect the ability of the statistical method to determine documentable change in water quality. Accordingly, pre-construction data used for statistical analysis were restricted to the range of months covered by available post-construction data. The generally low number of data points for the post-construction period limits the power of the statistical analysis.
Water-quality changes in the Red River alluvial aquifer were evaluated on the basis of statistical analyses of water samples for total hardness and dissolved chloride, iron, and manganese. Results of statistical analyses are given in tables 1 and 2. In addition to the above constituents, changes in pH, temperature, and sulfate were determined from data collected mostly during 1973-93. Little variation was observed in pH and temperature, whereas sulfate varied considerably during short periods of time. Whitfield (1980) reported that appreciable changes in sulfate may occur within several months following periods of recharge from precipitation. Water samples collected from 1988 to 1993 were analyzed for color, dissolved sodium, potassium, fluoride, silica, and nitrogen; and total nitrogen in addition to the above constituents (appendix 1). Evaluation of water-quality changes was not based on these constituents because no data or minimal data for these constituents were collected during the pre-pool period.
Total Hardness
Documentable differences in concentration of total hardness between the pre-construction and postconstruction periods were limited to an increase at well R-721. The change at well R-721 was small (440 mg/L as calcium carbonate) and relatively minor. The increasing trend in hardness at well R-965 and the decreasing trend in total hardness in well R-1014B began following the pre-construction period. If continued, these trends could produce a documentable difference in hardness between pre-construction and postconstruction periods at wells R-965 and R-1014B. Data for well R-1095 indicate a possible decreasing trend in hardness for the post-construction period. Additional data are needed to establish the presence or absence of such a trend. Total hardness, as calcium carbonate
Dissolved Chloride
Documentable increases in dissolved chloride concentration between pre-construction and post-construction sampling periods were limited to wells R-721 and R-992. Documentable decreases were limited to wells R-722, R-968, R-1014B, and R-1096. Documentable differences in chloride concentrations for the two periods were small in wells R-721, R-722, R-968, and R-1096; but were small (ranging from -25 to 44 mg/L) and relatively minor for all five wells. Decreasing temporal trends, which began following the preconstruction sampling period, were indicated for wells R-722 and R-1096. If continued, these trends could produce larger differences between pre-construction and post-construction concentrations.
Temporal trends in chloride concentration were detected at wells R-992, R-964, R-965, and R-1095. Data for well R-992, which is located at an abandoned land fill, indicated that chloride increased between the end of the pre-construction sampling period and the start of the post-construction sampling period. Chloride generally was stable during the pre-construction and post-construction sampling periods. The concentration of chloride at well R-992 started increasing about 1981 (pre-construction) as shown in figure 9 . This increasing trend may be associated with the nearby land fill. The chloride in well R-965 indicated a temporal increase beginning near the start of the post-construction sampling period. If continued, this temporal trend could increase the difference between pre-construction and post-construction sampling periods. Data for wells R-964 and R-1095 indicated broad temporal trends, increasing and decreasing, respectively, which extend from the pre-construction sampling period through the post-construction sampling period. If continued, these trends could cause a larger difference in the two periods. However, these differences could not be attributed to lock and dam construction.
Dissolved Iron
Documentable differences in dissolved iron concentration between pre-construction and post-construction sampling periods were limited to a small (3.4 mg/L) and relatively minor decrease at well R-721. A temporal decrease in iron at well R-721 extends from the start of the pre-construction sampling period and through the post-construction sampling period. Thus, the documentable difference between pre-construction and post-construction sampling periods could not be attributed to construction of the lock and dam. Data for well R-965 indicated an increasing trend in iron concentration starting after the pre-construction sampling period. If continued, this trend could produce a larger difference between pre-construction and post-construction sampling periods for well R-965. Fluctuation in the concentration of iron occurred following the pre-construction but before the start of the post-construction sampling periods for wells R-968, R-991, and R-l 103. Iron in water from well R-723 decreased until approximately the start of the post-construction sampling period and changed little during the post-construction sampling period. Iron concentration may be beginning a declining temporal trend in well R-1096 in the post-construction sampling period. More data are needed to document the presence or absence of such a trend.
Dissolved Manganese
Well R-722 had insufficient data in the post-construction sampling period to evaluate potential changes in dissolved manganese between pre-construction and post-construction sampling periods. For other well data subjected to statistical analysis, no documentable change in the concentration of manganese was indicated between pre-construction and post-construction sampling periods. Manganese in water from well R-1095 decreased from the pre-construction sampling period and through the post-construction sampling period. Based on available data, any changes in the concentrations of manganese in well R-1095 could not be attributed to construction of the lock and dam. Manganese in water from well R-991 decreased until approximately the start of the post-construction sampling period. However, available post-construction data indicated little or no change in concentration of manganese. Manganese in water from well R-1014B decreased in the post-construction sampling period. If continued, this decreasing temporal trend could increase the difference between pre-construction and post-construction concentrations at well R-1014B.
SUMMARY AND CONCLUSIONS
Small and relatively minor water-quality changes occurred between pre-construction (1973-82) and post-construction (1988-93) sampling periods in the Red River alluvial aquifer within the area affected by pool 2, Red River waterway area, Lock and Dam 2, near Ruby, Louisiana. Of 10 wells with sufficient waterquality data to be statistically evaluated for documentable changes, data for one well indicated an increase in concentration of total hardness; data for two wells indicated an increase and data for four wells indicated a decrease in concentration of dissolved chloride; and data for one well had a documentable decrease in concentration of iroa The single documentable difference in pre-and post-construction median values in concentration of total hardness was an increase of 40 mg/L as calcium carbonate. The documentable change in concentration of dissolved chloride ranged from a decrease of 25 mg/L to an increase of 44 mg/L. The single documentable increase in concentration of dissolved iron was 3.4 mg/L. Data for several wells had temporal trends which, if continued, should increase the difference in preand post-construction median values over time. Some trends began in the pre-construction period and, therefore, could not be attributed to lock and dam construction. .. ..
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